This course introduces both graduate and undergraduate students to the basic concepts and tools of quantum optics and quantum information using modern photon counting instrumentation photon 
Lab. 1. Entanglement and Bell inequalities
In quantum mechanics, particles are called entangled if their state cannot be factored into single-particle states.
Any measurements performed on first particle would change the state of second particle, no matter how far apart they may be. This is the standard Copenhagen interpretation of quantum measurements which suggests nonlocality of the measuring process .
The idea of entanglement was introduced into physics by Einstein-Podolsky-Rosen GEDANKENEXPERIMENT (Phys. Rev., 47, 777 (1935) ).
A B A B
Entangled 1966: Bell Inequalities -John Bell proposed a mathematical theorem containing certain inequalities. An experimental violation of his inequalities would suggest the quantum theory is correct.
In the mid-sixties it was realized that the nonlocality of nature was a testable hypothesis (J. Bell (Physics, 1, 195 (1964) ), and subsequent experiments confirmed the quantum predictions. α=0 α=90
Creation of Polarization Entangled Photons: Spontaneous Parametric Down Conversion

Dependence of Co-incidence Counts on Polarization Angle
The probability P of coincidence detection for the case of 45 o incident polarization and phase compensated by a quartz plate, depends only on the relative angle β-α: P(α, β) = 1/2cos 2 (β-α). , where:
The above calculation of S requires a total of sixteen coincidence measurements (N), at polarization angles α and β: We used Bell's inequality in the form of Clauser, Horne, Shimony and Holt, Phys. Rev. Lett., 23, 880 (1969) Results of Calculation:
After collecting data at the appropriate angles, we calculated:
S=2.652, a clear violation of Bell's inequalities!
Concepts addressed:
• Interference by single photons • "Which-path" measurements • Wave-particle duality 
